Background. Delirium is costly, common, and may persist for weeks or months. Therefore, the adverse impact of delirium on loss of independence may occur in the post-acute setting rather than in the hospital. The purpose of this study is to describe the rate of delirium persistence and identify baseline patient characteristics that are associated with delirium persistence at 1 month among newly admitted post-acute facility patients who were admitted with delirium.
D
ELIRIUM is a common, morbid, and costly condition among hospitalized patients, which is associated with adverse events that lead to loss of independence (1) (2) (3) (4) (5) (6) . There is mounting evidence that delirium may persist for weeks or months (6) (7) (8) . Furthermore, there is an accelerating trend to discharge patients quickly from acute care facilities. Many of these elders are discharged to post-acute care (PAC) facilities due to incomplete resolution of cognitive and functional problems that prevent their immediate return home. Consequently, much of the long-term sequelae of delirium may occur in the post-acute setting rather than the hospital.
Very little is known about delirium in the post-acute setting. We previously reported the prevalence and persistence of delirium symptoms among post-acute patients. (9) However, that study used secondary data, and assessments were performed by facility staff not specifically trained to detect delirium. More recently, we reported the prevalence, symptoms, and severity of delirium among newly admitted post-acute facility patients using assessments performed by interviewers specifically trained to detect delirium (10) . This study did not follow these patients over time.
We know of no publications that focus on characteristics associated with delirium persistence in newly admitted post-acute facility patients. Given the morbid and costly consequences of delirium, the ability to identify patient characteristics associated with delirium persistence may be useful to post-acute clinical staff, discharge planners, and administrators.
Therefore, the purpose of this study is to describe the rate of delirium persistence and identify baseline patient characteristics that are associated with delirium persistence at 1 month among newly admitted post-acute facility patients who were admitted with delirium.
METHODS

Study Population
Patients were recruited between October 1, 2000 and February 14, 2002 as part of a randomized trial of a Delirium Abatement Program from 7 active Boston area skilled nursing facilities (SNF) specializing in PAC. Only patients receiving care in 4 facilities randomly assigned to the control group were included in this study because we did not want the potential effects of the intervention to influence the delirium rate measured at the follow-up assessment. All patients in this study had delirium at post-acute admission (baseline), and their delirium status at the 1-month assessment was the dependent variable in analyses. In addition to having delirium at admission, eligible patients in this study were aged 65 or older and admitted directly from an acute-care facility. They also spoke English, did not have a serious hearing impairment, were communicative prior to acute illness, were not admitted for terminal care (life expectancy , 6 months), and lived within a 25-mile radius of our research site. Interviews were conducted by trained research assistants and completed preferably within 72 hours (average time to interview ¼ 2.5 days), but not longer than 5 days after admission. The 1-month interview was defined as 28 (6 3) days beyond the date of admission. Multiple assessors were employed, but the same assessor usually performed both baseline and follow-up interviews. The interrater reliability was excellent (kappa ¼ 0.90) (11) .
Dependent Variable
The Confusion Assessment Method (CAM) is a diagnostic algorithm derived from DSM-III-R criteria for delirium that has been validated against a psychiatrist's diagnosis. The CAM allows trained research assistants to diagnose delirium with greater than 95% sensitivity and specificity, even in populations with a high prevalence of dementia (12) . The CAM diagnostic algorithm involves 4 criteria: 1) an acute change in mental status with a fluctuating course, 2) inattention, 3) disorganized thinking, and 4) an altered level of consciousness (12) . Using the CAM algorithm, delirium was considered present if CAM criteria 1 and 2 were present, and either of criteria 3 or 4 was present.
Independent Variables
The Delirium Symptom Interview (DSI) (13) is a valid and reliable structured interview for diagnosing the presence of specific critical symptoms of delirium in an objective and straightforward manner, and can be administered by lay interviewers. Consistent with the current definition of delirium, modifications were made in the original DSI instrument to separate the symptom of ''disturbance of attention'' from that of ''disturbance of consciousness.'' Items addressing informal observations of inattention were redirected as triggers to the presence of inattention, a new eighth symptom. Additionally, an item was added to incorporate and rate performance on formal tasks of attention. Formal tasks of attention included days of the week and months of the year backwards along with digit span testing up to five digits forward and four digits backwards. This instrument was administered at admission to the post-acute facility.
A variable representing whether the patient had all 8 modified DSI items (referred to as mDSI All 8 Symptoms) was created and used in analyses. The following 8 items were included: 1) disorientation, 2) disturbance of sleep, 3) perceptual disturbance, 4) disturbance of attention, 5) disturbance of consciousness, 6) incoherent speech, 7) abnormal psychomotor activity, and 8) fluctuating behavior.
The Memorial Delirium Assessment Scale (MDAS) (14) allows trained research personnel to quantify the severity of delirium based on 10 features, each scored from 0 to 3 for a maximum score of 30. The 10 MDAS features include reduced level of consciousness, disorientation, short-term memory impairment, impaired digit span, reduced ability to maintain and shift attention, disorganized thinking, perceptual disturbance, delusions, decreased or increased psychomotor activity, and sleep-wake cycle disturbance. A higher score indicates greater delirium severity. The MDAS provides an explicit description of the criteria for scoring, can be completed in 5 minutes, and integrates behavioral observations with objective cognitive testing. It was completed at admission in the post-acute facility. A twocategory delirium severity variable was created as either mild-moderate (15 points) or severe (.15 points) based on the distribution of MDAS scores in this population.
The Blessed Dementia Rating Scale (BDRS) (15) was used to assess cognitive impairment prior to hospitalization. This scale was designed to be completed by the patient's primary caretaker (proxy) and has been corroborated with pathological findings. It is measured at baseline and asks the proxy to assess the patient's cognitive ability prior to hospitalization. Scores range from 0-28, with higher scores indicating greater levels of impairment. We defined cognitive impairment (using Blessed's recommendation of categorizing individual's performance on this measure) as either impaired (a score of 4) or normal (a score of ,4).
Gender and race were also included. Race was grouped as white and nonwhite because the vast majority of patients were white. Education level was grouped as either less than a high school education or at least a high school education. Age was categorized at 85 years or ,85 years.
Data on the patient's preillness functional status was obtained from the caregiver using the modified Activities of Daily Living (ADL) scale (16) . The ADL scale remains a well-established and extremely useful scale for measuring recovery from acute illness in frail elders (17) . The scale has been modified to include walking and grooming in addition to the 6 original activities described by Katz (bathing, dressing, toileting, continence, transferring, and feeding) (16) . The modified ADL scale was used to measure premorbid ADL function prior to the acute illness, which resulted in hospitalization. Because of the compromised cognitive status of the participants, the ADL scale was administered to next of kin/proxy. Studies have generally found that functional data derived from proxies is comparable to self-report or performance-based measures (18) . The values of this scale range from 0 (complete dependence) to 16 (independence). We created a functional dependence variable that was designated as dependent if a patient had an ADL value below the median score. This was done mainly because the scale was not normally distributed, but also because it is easier for the reader to comprehend the meaning of the effect measure (relative risk, RR) and its confidence interval (CI).
Comorbidity diagnoses have traditionally been underreported, so we utilized two different sources. One source of medical comorbidity was assessed using the Charlson Comorbidity Scale (CCS) (19) , a validated scale commonly used in epidemiological research. A brief interview has been validated to obtain the data necessary to complete the Charlson index from patients or caregivers (20) . This interview was administered to the proxy at study intake to assess preillness comorbidity. Because the distribution of this scale was not normally distributed, we categorized a variable (CCS high group) as greater than the median or equal/less than the median, and used this variable in analyses. The CCS item Alzheimer's disease and other dementia were also individually included as potential characteristics associated with delirium persistence.
We felt that patients with a primary or secondary diagnosis involving the central nervous system (CNS) might be less likely to resolve their delirium. Therefore, in addition to the CCS interview described above, we assessed for the presence of a CNS diagnosis using post-acute facility medical record reviews including hospital discharge summary, if available. A variable was created that represented whether the primary or secondary diagnosis for admitting the patient to the hospital was for a CNS problem (i.e., stroke, Parkinson's disease). Finally, we created a variable representing whether a CNS problem was present based on either the CCS or the primary (or secondary) diagnosis from the medical record.
Statistical Analyses
Chi-square and bivariable (one dependent variable and one independent variable) logistic regression analyses were initially performed to help identify potential risk factors for delirium persistence. Chi-square analyses were used to estimate the RRs and 95% CIs. (21) Variables that were significant in the bivariable models were entered into a stepwise logistic regression analysis. Variables that were significant in the stepwise model were included in the final multivariable logistic regression model. Odds ratios (ORs) and corresponding 95% CIs were calculated to estimate the association between specific patient characteristics and delirium persistence. The area under the receiver operating characteristic (ROC) curve (22, 23) for the final multivariable logistic regression model was determined and used as an estimate of the strength of the model. Because the OR overestimates the true RR when the incidence of the outcome is not rare (.10%), we employed a commonly used adjustment method that more accurately estimates the true RR (24) . An alpha level of 0.05 was used to determine statistical significance, and all analyses were performed using SAS software (SAS, Institute, Inc., Cary, NC) (25, 26) .
RESULTS
Among the 2051 patient admissions in facilities randomized to the control group at the time of this analysis, 1676 (82%) were eligible. A total of 1240 (74%) were screened and 188 (15%) were delirious. Of the 188, 47 proxies refused, 28 proxies did not respond within the enrollment period (despite repeated efforts), and 2 died before the proxy was reached. A total of 111 patients (baseline) were enrolled in the study. Of the 111, 85 patients had a 1-month assessment of delirium. Of the 85, a total of 56 patients were interviewed in a PAC, 1 in a hospital, and 28 in a residential setting. Among the 26 who had a baseline assessment but not a 1-month follow-up assessment, 8 died during this period, 6 patients withdrew from the study, and the remaining 12 patients were temporarily unavailable at the 1-month assessment due to rehospitalization or illness.
The average age of patients was 85 years (standard deviation [SD] ¼ 7 years), the median ADL score was 15, and the median CCS score was 3. Table 1 provides descriptive information on characteristics of the 85 patients with baseline and 1-month follow-up assessments who were included in the initial bivariable analyses. Delirium was present in more than half (51%) of the 85 patients completing a 1-month follow-up assessment. Table 2 presents RRs, 95% CIs, and p values associated with chi-square analyses representing patient characteristics considered potentially associated with delirium persistence. Eight of these characteristics were statistically significant in bivariable models: older age (85 years), high school education or more, premorbid functional dependence, cognitive impairment (prehospitalization), mDSI All 8 Symptoms (from admission mDSI), severe delirium (from admission MDAS), CNS condition (Charlson comorbidity diagnosis), and Alzheimer's disease (Charlson comorbidity diagnosis). Table 3 presents the results of the final multivariable logistic regression analysis. Four patient characteristics were included in this model: mDSI All 8 Symptoms, cognitive impairment (prehospitalization), severe delirium, and older age (85 years). The model performance was excellent (area under the ROC ¼ 0.85). Because the incidence of the outcome (delirium persistence) is high (51%), the ORs overestimate the true RRs. Consequently, the Zhang and Yu adjusted RR and 95% CI estimates were also included in Table 3 . These estimates provide a more accurate estimate of the true RRs. Each of these risk factors for delirium persistence imparts an increased risk of delirium persistence ranging from 60% to 80% (Table 3) . None of the 10 patients (12%) free of all 4 risk factors at PAC admission had persistent delirium at 1 month. Among the 33 patients (39%) who had 1 risk factor, more than 27% showed signs of persistent delirium. Of the 42 patients (49%) who had 2 or more risk factors, 81% showed signs of persistent delirium.
DISCUSSION
In this study of 85 enrolled post-acute patients who were admitted directly from acute-care hospitals and were delirious at post-acute admission, 4 patient characteristics associated with delirium persistence at the 1-month assessment were identified in a multivariable model: 1) the presence of all 8 delirium symptoms (mDSI) (post-acute admission), 2) cognitive impairment (prehospitalization), 3) severe delirium (post-acute admission), and 4) older age (85 years). The predictive model containing these 4 characteristics performed very well.
More than half of the patients in this study had delirium at the 1-month follow-up assessment. This finding supports mounting evidence that a substantial percent of delirium cases persist for 1 month or more. The persistence of delirium has been studied in other populations. Levkoff and colleagues (7) reported that 96% of the 125 hospitalized patients in their study did not experience complete resolution of their delirium before discharge from the hospital. Furthermore, after hospital discharge, approximately 79% of patients at 3 months and 82% of patients at 6 months did not resolve all new delirium symptoms experienced in the hospital. Marcantonio and colleagues (6) studied delirium in a population of 126 elderly people admitted emergently for surgical repair of hip fracture and reported that delirium persisted for at least 1 month in one Notes: *Risk ratio and 95% CI derived from odds ratio and 95% CI using Zhang and Yu transformation (see reference # 21).
Disorientation, disturbance of sleep, perceptual disturbance, disturbance of attention, disturbance of consciousness, incoherent speech, abnormal psychomotor activity, and fluctuating behavior (note: mDSI). third of the patients. Kelly and colleagues (27) studied 214 hospital admissions and reported that 72% of patients who survived the hospitalization showed persistent delirium at the time of discharge. Delirium was persistent in the 55% of surviving patients at 1 month, and 25% of surviving patients at 3 months. Marcantonio and colleagues (9) studied 551 patients aged 65 years and older newly admitted to postacute facilities (SNFs and rehabilitation hospitals) from acute care hospitals. They reported that only 14% showed complete resolution of delirium symptoms after 1 week. They also reported that 64% of patients with delirium symptoms at admission had the same number or more delirium symptoms 1 week later.
We know of no publications that have focused on patient characteristics associated with delirium persistence in a postacute population, or in any population. However, some of the patient characteristics associated with delirium persistence in this publication have been reported to be associated with incident delirium in a hospitalized population. Levkoff and colleagues (7) reported that older age (.80 years) and preexisting cognitive impairment were associated with delirium incidence in both community and institutionalized populations. Marcantonio and colleagues (28) studied 1341 patients 50 years or older admitted for major elective noncardiac surgery and reported, among other characteristics, that older age (70 years) and poor cognitive status were independent correlates of postoperative delirium. Inouye and colleagues (29) studied 107 hospitalized patients aged 70 years or older who did not have dementia or delirium at admission and reported, among other characteristics, that cognitive impairment was a risk factor for delirium.
This study has advantages and limitations worthy of discussion. Though this study used an established and validated diagnostic algorithm (CAM) and trained research personnel to assess delirium at baseline and 1-month followup, we cannot be sure of the delirium status of every patient throughout the 1-month follow-up. Possibly some of these patients could have resolved their delirium during this time, say at 1 week, and then later redeveloped their delirium as identified by the 1-month assessment. Our data was collected from a single metropolitan region, but included 4 facilities. The prevalence of delirium may vary in cities with less pressure to discharge patients from hospitals, or at PAC facilities that admit fewer acute patients. Furthermore, the results of our study involving patients in a PAC skilled nursing facility may not generalize to individuals receiving PAC in a residence or rehabilitation hospital. We only considered factors assessed at the time of PAC admission and acknowledge that there may be factors assessed after PAC admission that may be associated with delirium persistence. Also, there are several delirium incidence risk factors (i.e., vision, hearing, dehydration) that we did not include in our analyses because we did not obtain information on these factors or these factors were part of our exclusionary criteria. Finally, although our assessments were performed within 2.5 days of admission, we cannot be sure if some of the patients developed delirium after they were admitted to the PAC facility.
Concerns of collinearity between the delirium severity and mDSI All 8 Symptoms variables motivated us to examine this relationship. A cross-tabulation of these two variables revealed that only 4 of the 85 patients were positive on both variables and 59 patients were negative on both variables. Eight patients did not have severe delirium but did have all 8 DSI symptoms. Fourteen patients had severe delirium but did not have all 8 DSI symptoms. These results gave us assurance that these were separate constructs. We believe that the delirium severity variable measures the ''depth'' of delirium (the total severity of delirium symptoms experienced by the patients). In contrast, the mDSI all 8 symptoms variable measures the ''breadth'' of delirium (whether the patient experienced all the major symptoms of delirium, regardless of their severity). As such, these represent both theoretically and empirically different constructs.
Conclusion
The majority of post-acute patients did not resolve their delirium after 1 month. Four patient characteristics were identified that can be used to estimate who will have delirium after 1 month. This study adds to a growing body of evidence suggesting that delirium prevalence is relatively high in the post-acute setting and cases of delirium are often persistent over time. Further research is needed in post-acute populations to determine if patient characteristics identified in this study can be validated and used to predict patients with an elevated risk of having delirium after 1 month. These results may prove useful in developing and targeting interventions of care.
